Carboxyl (C)-terminal processing proteases (CTPs) participate in protective and regulatory proteolysis in bacteria. The PDZ domain is central to the activity of CTPs but plays inherently different regulatory roles. For example, the PDZ domain inhibits the activity of the signaling protease CtpB by blocking the active site but is required for the activation of Prc (or Tsp), a tail-specific protease that degrades the ssrAtagged proteins. Here, by structural and functional analysis we show that in the unliganded resting state of Prc, the PDZ domain is docked inside the bowl-shaped scaffold without contacting the active site, which is kept in a default misaligned conformation. In Prc, a hydrophobic substrate sensor distinct from CtpB engages substrate binding to the PDZ domain and triggers a structural remodeling to align the active site residues. Therefore, this work reveals the structural basis for understanding the contrasting roles of the PDZ domain in the regulation of CTPs.
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Flexibility of helix h9 in the resting state
We also crystallized Prc-S452I/L252Y bound to NlpI in the space group of P2 1 2 1 2 1 , which differs from that of Prc-S452I/L252Y alone (P3 2 21) but is the same as that of the substrate-bound NlpI-Prc-K477A crystals trapped in the activated state (Su et al., 2017) . The crystal contacts of these P2 1 2 1 2 1 forms involve the NlpI dimer and the NHD and CHD of Prc only; hence, they provide further information about the structural difference between the two conformational states. The structure of Prc-S452I/L252Y in NlpI-bound complex shows a similar resting-state conformation, with the RMSD value of 0.62 comparing to that of Prc-S452I/L252Y alone (Table S2) .
Interestingly, unlike the liganded Prc (Fig. 4A) , the NlpI complexed Prc-S452I/L252Y shows flexible helix h9 with poor electron-density map and the coiled region connecting to the PDZ domain are partially disordered (Fig. 4A) . Moreover, the docked PDZ domain in these resting structures has higher B-factor values than the protease domain, which is in sharp contrast to the liganded activated structure showing relatively rigid PDZ domain, helix h9, and the substrate-sensing hinge (Figs. 4A and B) . To probe the flexibility of h9 in these resting-state mutants in solution, we performed limited proteolysis using V8 protease, which has been shown to cleave Prc at the peptide bond between Asn211 and Thr212 of helix 9, yielding two fragments of molecular masses of 49.5 and 25.7 kDa (Beebe et al., 2000) . We found that limited V8 proteolysis indeed resulted in the two fragments from Prc-S452I/L252Y but not in Prc-K477A at various incubation times (Fig. 4C) , supporting the flexibility of helix h9 in the resting state.
Discussion
The work presented here has revealed the structural basis for the activating role of the PDZ domain in Prc. Our results show that in unliganded resting state, Prc forms an ! 10! inactive structure characterized by a deformed proteolytic groove resulting from misalignment of the loops forming the catalytic Lys-Ser dyad and the oxyanion pocket. In the resting state, the PDZ domain of Prc is docked inside a bowl-like scaffold with the ligand-binding site exposed. Notably, the PDZ domain engages intramolecular interaction mainly with the NHD and CHD domains rather than with the catalytic active site in the protease domain. In the absence of the PDZ domain, Prc-ΔPDZ also adopt the resting-state structure with a similarly misaligned proteolytic domain. These results support the finding that the PDZ domain regulates the protease activity of Prc by serving as an activator but not an inhibitor. Prc activation is achieved by substrate binding to the PDZ domain, which is sensed by conserved hydrophobic residues Leu340 and Leu254 to stabilize the substrate-bound active conformation. The repositioned PDZ domain induces extensive remodeling of the functional proteolytic platform to enable substrate cleavage reaction (Fig. 5A ).
The mechanism of protease activation by the PDZ domain in Prc shown here is fundamentally different from that in CtpB, reported previously (Mastny et al., 2013) .
In CtpB, the protease is active without the PDZ domain. In the resting state, the PDZ domain of CtpB binds to the protease domain and physically disrupts the catalytic active site. Binding of the substrate to the PDZ domain is sensed by PDZ residue Arg168, which stabilizes the reposition of the PDZ domain away from the protease domain to relieve the inhibition effect (Fig. 5B ).
The different roles of the PDZ domain in the activation of Prc and CtpB may be paralleled with that for the structurally unrelated HtrA-family proteases DegP and DegS, in which oligomerization involving the PDZ domains contributes additional regulatory roles (Clausen et al., 2011) . DegP requires the PDZ domain for activation (Iwanczyk et al., 2007) , but the PDZ domain in DegS mainly inhibits the activity ! 11! (Sohn et al., 2007; Walsh et al., 2003) . Therefore, the PDZ domain can inherently bring different effects in the activity regulation of the PDZ-containing proteases.
Many of the structural features of the unliganded Prc and conformational changes induced by substrate C-terminus are also different from CtpB. Helix α3 in CtpB, equivalent to helix h9 of Prc, is structured in both resting and activated states. In the two states of CtpB, the PDZ domain maintains critical contact with helix α3 by the sensor Arg168 (Mastny et al., 2013) . By contrast, the PDZ domain of Prc does not interact with helix h9 in the resting state. Notably, as helix α3 is not partially Movie with a sequence showing the overall structure of unliganded Prc, its association with NlpI, and the conformational change, induced by binding of the substrate C-terminus to the PDZ domain, from the unliganded resting state (this work; PDB code 6IQR_a) to the substrate-bound activated state (PDB code 5WQL_c). Also shown in the sequence is a modeled substrate C-terminal peptide (LSRS), derived from the substrate MepS (Su et al., 2017) . Helix h9 is colored in magenta. The PDZ domain is colored in yellow. The substrate sensor (Leu340) and the catalytic dyad (Lys477 and Ser452) residues are shown in spheres. Movie and morphing were created with UCSF Chimera (Pettersen et al., 2004) . The morphing speed was chosen arbitrarily for illustrative purpose. 
